identified an important mechanism for lowering the strength of thrust faults, thereby reducing the basal frictional resistance to overthrust blocks. Recognition of overpressuring at depths of more than a few kilometers in sedimentary basins has since become widespread [Fertl et al., 1976] , especially in basins undergoing active deformation, and the belief that much crustal deformation is focused in areas of fluid overpressure is now widely accepted in the structural geology literature [e.g., Fyfe et al., 1978] . A point to note is that there is good evidence that seismic rupturing, in at least some instances (e.g., the Western Taiwan fold and thrust belt and the western margin of the Great Valley adjacent to the San Andreas fault), is occurring in fluidoverpressured crust [Davis et al., 1983; Sibson, 1990] .
The concept that high fluid pressures and the localization of deformation are linked has been reinforced by studies of active accretionary prisms in subduction complexes and their fossil equivalents. Accretionary prisms and foreland fold-and-thrust belts are the best documented examples of large-scale mountain systems where fluid pressure controls not only faulting but also the shape of the entire mountain belt [see Dahlen, 1990] . The low taper angles of many active prisms and fold-and-thrust belts, coupled with direct borehole measurements of fluid pressure in areas such as Taiwan, provide strong evidence for significant overpressuring within the prism and along the basal decollement [Simpson, 1986] . In the few cases where sufficient information has been available on the state of stress, fluid pressure levels, and rock strength/friction parameters, the induced seismicity has provided good confirmation of the applicability of the principle of effective stress coupled to the Coulomb failure criterion in at least the top few kilometers of the crust [Raleigh et al., 1976 A number of recent experimental studies carried out at hydrothermal conditions allow one to estimate the time required for processes such as crack healing and sealing and hydrothermal alteration to significantly alter fault zone permeability. In most cases, these processes operate at rates that are rapid with respect to the 100-to 10,000-year recurrence intervals for large earthquakes [e.g., Brantley et al, 1990; Blanpied eta!., 1992; . Recognition of the high rates at which these solution transport processes operate is perhaps one of the most important conceptual breakthroughs in understanding the hydromechanical behavior of fault zones during the last decade. In shearing experiments on granite gouge sandwiched between granite forcing blocks, Blanpied et al. [ 1992] showed that redistribution of material in solution can quickly reduce the granite permeability, causing a self-generated impermeable seal which isolates the deforming fault from the nearby country rock. Compaction of the fault gouge before and during shear then causes fluid pressure in the fault zone to rise, allowing slip at low shear stress. Subsequent theoretical modeling Blanpied, 1992, 1994] showed that the generation of dilatant pores and microcracks during earthquakes in a hydraulically isolated fault zone, followed by creep compaction between earthquakes, might lead to cyclically high fluid pressures along faults.
Geothermal fields provide an active hydrothermal environment where permeability destruction by crack healing and mineral precipitation competes with, and may overwhelm, permeability creation by distributed faulting and fracturing [Batz!e and Simmons, 1977] . Permeability destruction in some fields is, in fact, sufficiently fast for them to generate and maintain their owa cap rocks through this process of hydrothermal self-sealiaõ [Facca and Tonani, 1967] 
Synopses of Papers
The Citing numerous case studies, Eberhart-Phillips, Stanley, Rodriguez, and Lutter present a thorough review of surface-based seismic and electrical methods that have proven useful in imaging fault zones and discuss their strengths and limitations in inferring porosity, fluid pressure, and fault zone geometry at depth. Using synthetic seismic and magnetotelluric images of fault zones, they also test the resolution of these techniques for fault zone velocity and electrical conductivity structures under idealized conditions. For a simple fault geometry, these simulations indicate that it should be possible to image even a thin (-0.5 km) fault zone with a 20% reduction in P-wave velocities at 9 km depth using to- The preceding two papers treat fluid pressures along faults as time-invariant. In contrast, the paper by Sleep extends earlier models by Blanpied [1992, 1994] for the cyclic generation of superhydrostatic fluid pressures along faults due to time-dependent compaction to incorporate rate-and state-variable friction. This formalism is able to predict a wide range of faulting behaviors, including repeating earthquake cycles and stable sliding, as well as the transitions between these two modes of behavior. Although earthquakes are produced in these simulations, even small amounts of dilatancy during the onset of slip are predicted to decrease fluid pressure sufficiently that unstable sliding is prevented (i.e., through dilatant hardening). To circumvent this problem, Sleep proposes either that thermal pressurization of pore fluids during slip may be sufficient to offset the predicted pore pressure decrease or that the dilatant pores created during sliding are sufficiently isolated from the sliding surface that the effects of this dilatancy on fluid pressure along the sliding surface is not immediately realized.
The papers by Lockner and Evans and by Dewers and Hajash describe laboratory studies of the time-dependent densification of quartz powders in the presence of water at elevated temperatures. These studies are important for understanding processes that could contribute both to permeability reduction in a porous fault gouge and to the generation of excess fluid pressures within fault zones through creep compaction (e.g., Sleep, this issue). Lockher and Evans measured the rate-of-change of porosity and electrical conductivity in ultrafine quartz powders compacted wet at high temperature (700øC) and moderate effective confining pressures (170-340 MPa). Porosity and electrical conductivity decreased monotonically during these experiments, with the most rapid changes occurring at high porosities (i.e., small elapsed times).
These data are consistent with a model in which a decrease in conductivity results from a loss of total pore volume in the initial stages of compaction but is controlled by the uniform shrinkage of constrictions, or fluid channels, between pores after compaction reduces porosity to below 15%. This model predicts that under certain conditions pores in a compacting fault gouge could remain interconnected, and thus capable of conducting either electrical current or fluid, down to very small porosities.
Dewers and Hajash measured volumetric strain and changes in pore-fluid silica concentration during compaction of a naturally rounded quartz sand at low temperatures (150-200øC) and low effective confining pressures (< 50 MPa). Compaction rates increased with increasing effective pressure, temperature, and porosity and decreased with increasing grain size. By comparing the observed strain rates and silica concentrations with theoretical rate laws, they conclude that the dominant mechanism for creep compaction was the removal of material from grain-to-grain contacts through intergranular pressure solution. The magnitude of the increase in silica concentrations observed with changes in effective confining pressure was too large to be accounted for by increases in elastic or plastic strain energy. This suggests that densification was driven by differences in normal stress between loaded grain boundaries and open pores. In addition, silica concentrations increased with decreasing grain size, providing an additional driving force for mass transfer that might promote healing and permeability reduction in fault gouges. The rapid densification rates observed by Dewers and Hajash and by Lockner and Evans reinforce the concept that porosity and permeability are dynamic parameters, which may evolve rapidly along faults at hydrothermal condi rions.
In a series of experiments that are analogous to the Dewers and Hajash study, but at a much smaller scale, Hickman and Evans focused on identifying the mechanisms and kinetics of pressure solution at individual grain-to-grain contacts using in-situ observations in a heated microscope stage. In this series of experiments, Hickman and Evans measured the convergence between convex halite lenses and fused silica plates pressed together in brine at temperatures of 8 to 90øC. They conclude that diffusion through a thin intergranular fluid film was the ratecontrolling process in these experiments and that the diffusivity of this film increased with decreasing normal stress. As this film has diffusivities many orders of magnitude greater than observed for solid-state grain boundaries and because no metastable islandchannel boundary structures were observed, they infer that this film was comprised of a tightly adsorbed (i.e., structured) water layer. Furthermore, convergence rates increased fivefold in an experiment conducted with a thin intergranular montmorillonite layer. Collectively, these experiments suggest that fine-grained, clay-rich fault gouges in the Earth should be particularly susceptible to both shear and compaction creep via pressure solution. 
Recommendations

